Background: To present a new idea for rapid management of tooth avulsion in young children and adolescents (age: 6 to 16) by this case report. Case presentation: A nine-year-old boy presented with loss of upper permanent central incisor in early mixed dentition (6 to 10 years, phase I).
Introduction
The clinical management of traumatic dental injury (TDI) in adolescent dentures still represents a challenge for all fields of dentistry. Over 50% of all patients suffer from dental trauma before the age of 17. Up to 10% of all dental injuries result in loss of a tooth [1] [2] . The prognosis of avulsed and replanted teeth is generally unfavorable with an average five-year survival rate of approximate 50% [3] [4] . The maximum frequency is between three and four years of age, nine and 12 years of age and again at the age of 16 [5] . Even in adulthood, nearly every third person suffers from renewed TDI. Finally, the prevalence of TDI is about 30% over the entire lifetime [5] [6] .
Since anterior TDI predominantly occurs in both the primary and early mixed dentition (between six and ten years of age) and in the late mixed dentition (10 to 16 years of age), we have developed a concept that allows us to deal with both phases of dentition therefore being designated by us as the "two-phase transplantation" (TPTX) concept ( Figure 1 ). For this purpose, the not yet fully resorbed primary teeth, preferably the primary canines, are used in the primary and early mixed dentition as possible autogenous transplants for replacement of the upper central incisors (phase I: primary (canine) tooth transplantation). The procedure represents a biological approach by the intentional renounce on endodontic treatment, thus basing on the natural exfoliation of the transplanted primary tooth. This approach is therefore temporarily allowing immediate posttraumatic aesthetic rehabilitation of the traumatized patient up to the age of 10 to 16 years which has been proven effective to support both bone and soft tissue growth in the adolescent patient [7] [8].
In the late mixed dentition (phase II, >10 years), when autotransplantation of primary teeth is no longer available or natural exfoliation of primary tooth transplants is to be expected, we apply the well-documented technique of premolar autotransplantation as permanent (lifelong) therapy which has proven successful since many years yielding excellent survival rates [1] [9]- [20] .
From the clinical point of view, it is therefore important to differentiate between these two time windows (phase I and II) in regard of the subsequent therapy using either primary tooth and/or premolar transplantation in TDI ( Figure   1 ). The novelty of the described concept refers, first, to the intended temporary use of primary tooth transplantion in both primary and early mixed dentition (6 to 12 years) leaving the transplant to its natural exfoliation as a reliable soft tissue and bone co-developing procedure during growth [8] and, secondly, to the sequential follow-up procedure of premolar autotransplantation in late childhood as well-established technique with excellent long-term survival rates.
The technique is described by the clinical case of a nine-year-old boy with traumatic loss of the upper central incisor undergoing the "TPTX" concept. (Figure 2(A) ). The actual orthopan-tomogram (OPG) shows the fractured tooth 11 before removal of the residual root by the local dentist (Figure 2(B) ). All four primary canines show significantly reduced root lengths due to the natural exfoliation by the breakthrough of the permanent canines. The transplant showed no mobility and was fully functional. Root canal treatment with Ca(OH) 2 was not necessary at any time. At the age of 13.5 years, the patient presented again at the clinic for decision-making of the consecutive therapy.
Case Report
In consultation with the treating orthodontist, we enrolled the patient in phase II of the "TPTX" concept by applying premolar autotransplantation. Due to the gnathological situation, the orthodontist decided to use tooth 25 as transplant in region 11. Figure 4A shows the postoperative x-ray of the patient after autoTX 25 → 11 on the day of surgery: The primary canine transplant was electively extracted and the premolar 25 was transplanted after preparation and extension of the alveolar pocket in region 11. The transplant was fixed to the orthodontic bow with a composite and the soft tissue was adapted by two mattress sutures (Figure 4(B) ). During the operation it turned out that the premolar was twin-rooted, which significantly complicated its positioning in region 11 intraoperatively. To avoid interfering occlusal contacts, the tooth was placed in slight infraposition so that subsequent orthodontic rotation and extrusion of the tooth could be performed undisturbedly. The transplant itself was and 2) Would you recommend the surgery to someone else? were both answered with Yes.
Discussion
The two-phase transplantation concept ("TPTX" concept) represents a new surgical approach that ultimately arose from the absence of therapeutic alternatives aiming at a quick and sustainable treatment of traumatic dental injury (TDI) in young children and adolescents. In recent studies from our group, primary tooth transplantation was given a grade of 1.5 (grade 1: very good, grade 6: very bad) [8] and premolar transplantation a grade of 1.7 [22] , indicating the high level of satisfaction of both patients and parents with these two forms of autotransplantation. This is well in line with this patient's estimation of the outcome of the "TPTX" concept giving a mean grade of 1.4.
If orthodontic gap closure is a therapeutic alternative, then it represents the first-line therapy. This can, however, only be applied in the late mixed dentition (= phase II of the "TPTX" concept) when dental breakthrough of the permanent teeth has been accomplished, thus ruling out adequate treatment of young patients in primary and early mixed dentition (phase I of "TPTX" concept, Figure 1 ). The prosthetic treatment often entails a significant psychological burden for these patients and their parents [23] [24] . Moreover, this kind of treatment leads to the serious problem that bone and soft tissue are not adequately co-developed due to the prothesis' counterproductive pressure load on mucosa and bone. Enossal implantation will become a technical challenge for implantologists in patients at the age of 18 after many years of TDI induced edentulism.
For exactly these reasons we have dealt since 2005 with the question of whether the loss of teeth particularly in early childhood (six to 10 years, phase I) with its undesirable sequelae for aesthetics and function can effectively be overcome by autogenous transplantation techniques. These considerations made us develop the "TPTX" concept through which patients can be rehabilitated both in the primary and early mixed dentition at the age between six and 14 years ( Figure 1) . We have shown that in phase I complications such as pain, swelling and inflammation occurred in none of the cases in a retrospective study with a total of 10 patients with 14 primary canine tooth transplants [8] . In all cases, bone and soft tissue growth was effectively co-developed as has been quantitatively assessed. We know so far of no therapy in the current literature that uses the natural exfoliation of transplanted primary teeth for the induction of local bone and soft tissue growth. The technique permits reliable and immediate prosthetic, aesthetic and functional rehabilitation of the young patients ( Figure   2 (A)) which is associated with high acceptance by patients and parents [8] .
Other research groups have set their treatment goal of transplanting primary canines as permanent dental supply in the traumatized region of the maxilla [7] . This is accomplished by using retrograde alloplastic posts prepared during the operation for mechanical stabilization of the primary tooth transplant. This auto-alloplastic concept seems more attractive for the patient at first sight since it spares him or her a second intervention. The use of alloplastic posts may however bear a potential danger for growth inhibition of the jawbones in young children. Precisely for this reason we have chosen the concept of natural exfoliation of the primary tooth transplants by renouncing on dental filling materials if possible.
Autotransplantation of primary (canine) teeth does not necessarily require root canal filling of the transplant which makes the procedure considerably easier and shorter in time. Only in the event of an inflammatory complication is it necessary to fill the tooth with Ca(OH) 2 thus allowing further physiological resorption [21] . Aiming at the natural resorption of the primary tooth transplants, we recommend to use only resorbable root canal fillings.
If the young patients with TDI successfully pass phase I of the "TPTX" concept and reach 10 to 14 years of age, the intervention can be regarded as success according to our understanding. Thereafter, we recommend our patients ensu- 
Conclusion
The "TPTX" concept represents a new surgical approach that allows immediate restoration of the patient's function and aesthetics after tooth loss in early childhood supporting the growth of local bone and soft tissue in the growing adolescent jaw. The patients' and parents' estimation of the concept appears very promising and therefore suggests its application under these particular circumstances of traumatic dental injury.
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